Abstract: Patients and caregivers in palliative care experience multidimensional pain. In current practice, information about a cancer patient progress is known when they visit a clinic or make a distress call when their conditions worsen. This strategy is not efficient for systematic monitoring of symptoms, which is key in improving palliative care. Mobile phones have helped to transform healthcare through diagnosis, health education and symptoms management of chronic illnesses. In this study, a mobile phone assessment tool was implemented at an outpatient palliative care clinic for cancer patients in Aga Khan University Hospital, Nairobi. The usefulness of the mobile phone application was examined. In the initial interview with a cohort of 19 patients and caregivers, 15 were eligible for the study. Patients and caregivers used the application to report their symptoms and needs at an interval of one week. Participatory action design was used whereas data collection was achieved through non-structured interviews. Findings from the study were organized into three themes: enhanced communication, improved assessment of total cancer pain and advocacy tool. This study illustrates that utilization of mobile phone applications can enhance palliative care by improving monitoring of symptoms and strengthening patient-provider communication.
Introduction
The main goal in palliative care is to improve quality of life of patients and their families facing problems of life threatening diseases [1] . Numerous symptoms affect patients undergoing palliative care, which has an impact on their psychological well-being and quality of life [2] [3] [4] . Lack of sufficient communication leads to increase in stress, insufficient patient satisfaction and decrease in strictly following medical recommendations [5] . In order to attain high quality of care in palliation, consistent and systematic reporting of symptoms is essential [6] [7] . Efficient collection of data at a palliative care setting assists to inform better quality of patient care [8] .
Despite growth in Information Technologies, few studies exist to link Information and Communication Technology (ICT) to long term diseases and palliative care [9] . A study on use of mobile phone applications in long-term diseases indicated that 63% of applications developed concerned diabetes with only 5% covering Cancer [10] . There is need for units dealing with palliative care to engage on research on quality of data that can be used to inform best practice. Quite often paper based questionnaires are used in clinical practice, changing them into data that can be accessed instantly for clinical purposes pose a great challenge [11] .
An example of previous usage of technology in palliative care involved usage of a pager for symptoms assessment at a Scottish oncology centre [12] . Telemedicine usage among head and neck cancer patients in Erasmus MC, a tertiary university hospital in Netherlands revealed an improvement in quality of life among the intervention group that used a laptop for symptom management [13] . Web based systems have also been used to monitor cancer patients status [14] . For instance, a clinical reporting tool was developed and was accessed using a desktop [15] . The drawback was the fact that advanced patients with cancer could not be able to utilize it thus care givers used it more than the patients. Handheld devices have also been used to collect patients' status as they made clinical visits [16] . A handheld tablet was used to collect patient outcome as they visited Duke Comprehensive Cancer centre [17] . The tool had 80 item questionnaire for men and 86 items for women in varying domains. The limitation of the tool was the large number of items; our study utilized 10 items, which is faster.
A clinician reporting tool was implemented for two types of advanced cancer namely breast and prostate in five major cancer centres in the North Eastern, Midwestern and South-western United States [18] . The Clinical reporting tool was based on a set of questions deemed important to indicate status of the cancer patient. Measurements utilized included Edmonton Symptom Assessment Scale and Karnofsky Performance Scale. It is worth noting that utilization of information technology tools helped to strengthen communication in cancer care [19] .
Several studies exist where mobile phone applications have been used in cancer and palliative care [20, 23, 24] . The applications were found useful; however, none of the studies have been conducted within an African context. Findings from the state of palliative care in three countries, Kenya, Uganda and Malawi shows the caregivers or patients could flash the health workers who in turn called up to follow the patients status [22] .
Other tools developed for pain assessment in cancer patients include usage of a digital pen and mobile technology platform [22] . One of the challenges in the study was how to use a visual analog scale. Limited evidence exists on how effective e-health intervention has had on palliative care patients [25] . Outcomes from a study carried in rural Bangladesh on managing symptoms in 10 breast cancer patients using a mobile phone indicated there was improvement on familiarity of breast cancer, improved assessments and real time pain management [26] . Presently, there is limited knowledge on how mobile phone applications can be used in managing total cancer pain within an African context. It is with this background that this study seeks to address this gap.
Objectives
Our study aimed to assess change in quality of palliative care for cancer patients at Aga Khan University Hospital by use of mobile phone enabled assessment tools. Therefore, we developed a mobile phone tool for reporting symptoms of cancer patients and care giver needs. Finally, we examined usefulness of the tool.
Methodology

Design
Participatory action research (PAR) design was utilized in this study. PAR is a reflective process where researchers and participants undertake with a goal of understanding and improving the practices and situations they find themselves in [27] . The reflective process involves planning of a desired change, action and observation of the process and the outcomes of the change [27, 28] .
In action research, a phenomena of interest is investigated with a provision of an intervention to solve a given problem [28] . PAR design is described to have five phases namely diagnosing, action planning, and action taking design intervention, impact evaluation, and learning and creation of actionable knowledge for the client. [28] ). This is illustrated in the PAR design model presented in Figure 1 . a) Diagnosing a problem: Through interaction with stakeholders a problem is identified and an agreement on how to solve the problem is reached. In this study, needs assessment were made through interaction with cancer patients, oncology nurses and palliative care physicians. b) Action Planning: This entails transformation of the findings from diagnostic stage to a collaborative work plan by the stakeholders on how to resolve the problem. This study involved the patients, doctors and nurses in working towards forming a feasible solution. c) Action Taking: This refers to design and development of the artefact. It involves three steps namely: participative design, prototyping and installation, usability evaluation. A prototype was designed and installed on patient's mobile phone, doctors' computers and mobile phones. d) Impact Evaluation: This is an assessment on whether the desired objectives of the project have been attained. e) Reflection and Learning: At the end of the study, stakeholders took time to consider the lessons acquired in the study.
Setting
The location of the study was Aga Khan University Hospital in Nairobi, Kenya. The outpatient clinic dealing with palliative care in Cancer was used.
Participants
The population that was initially interviewed in the study involved one palliative care nurse, one palliative care physician , 9 cancer patients and 10 caregivers who attended the outpatient Palliative care clinic at Aga Khan University Hospital . 15 patients and caregivers were eligible. Table 1 shows a summary of patients and caregivers who participated in the study. 
Sample size estimation
Purposive Sampling was utilized. In purposive sampling, participants are selected if they meet certain characteristics of a study [29] . A similar research on monitoring breast cancer symptoms using a mobile phone utilized 10 patients [30] . A study on a technical solution to improve palliative care at University of Texas Anderson utilized 18 patients and caregivers [28] . Another study that aimed to find out usability of a mobile phone application in cancer illness management utilized 7 cancer patients [31] .
Eligibility Criteria for Cancer patients
It was necessary for participants to be 18 years of age and above. Secondly, the patient/caregiver needed to have a smart phone. Thirdly, a consent form was signed by the study participants (patient and caregiver). Finally the patient/caregiver was expected to be sufficiently cognitive.
Of the participants interviewed, fifteen patients and caregivers who were deemed eligible. The mobile application was installed on participants' smartphones. The study was undertaken over a six-week period of time from 25th January 2016 to 4th March 2016.
Data Collection
Data was collected using structured face-to-face interviews between the investigator, patients and their caregivers and palliative care physicians. The average time taken for the interview was 30 minutes in an enclosed room and a private enclosure.
Technology Description
Prototype development consisted of client and server side. Client side was implemented using Java-Android whereas PHP and MySQL was used for server side. MySQL database is a relational database system, which supports client/server architecture. We adopted MySQL since it is a free, powerful, open source database management system, which is also easy to use. In addition, it is fast and platform independent. Data collected by patients, caregivers and physicians was stored in this platform.
PHP was used to connect the android application with the MySQL database. PHP is a scripting language where its processing happens in the server by consuming server's resources and sends only the output to the client to interact with databases. A combination of PHP and MySQL database were utilized to develop an Application Programming Interface (API). The API accepted requests in POST/GET methods and interacted with MySQL database through fetching/inserting data.
Android studio provided an app development platform for Integrated Development Environment (IDE). Some key features of Android Studio include: live layout; androidspecific refactoring and quick fixes; lint tools to catch performance, usability, version compatibility and other problems; proguard and app-signing capabilities; template-based wizards to create common android designs and components; a rich layout editor that allows users to drag-and-drop UI components, option to preview layouts on multiple screen configurations.
The size of the developed application was 2.74 MB. Bluetooth technology was used to transfer the installation file (apk) from the investigators' phone to patient/caregiver phones.
The pilot study took 6 weeks and two patients passed on during the period. 2 patients were extremely sick; therefore caregivers' phones were used to submit patients' progress.
The potential of the application is great considering the increasing rate of mobile phone penetration in Africa. Statistics show that in 2015, the mobile phone penetration in Africa was 47% [35] ; in Jan 2016, the mobile phone penetration in Kenya was 88% [36] whereas in Ghana the rate was 136.4% as at December 2016 [37] . With a rapid increase of cancer in cases [38] , a wide population will find the mobile application useful.
Developments
The main functionalities of the system include collection of data, transmission of data, and visualization of data through a web interface, generation of alerts in form of Short Message Texts (SMSs). Data was collected using the mobile phone application. Patients and caregivers filled a questionnaire, which inquired on their different health status. The questionnaire was based on African Palliative Care Association African Palliative Care Outcome scale (APCA African POS), the only palliative outcome scale validated for use within an African context [34] . The questions in APCA African POS dealt with physical pain, symptoms, spiritual care, family and patient needs. For patients that were weak, care givers assisted in administration of the questions through the mobile application tool. The data was stored in MySQL database (assessment table). A threshold value of 3 out of 5 was set for each condition such that when it was exceeded, an SMS was generated to the physician's phone. The physician accessed the patients/caregiver data through a web interface in their computer. He was also able to log into the system through a mobile phone to view desired data. Graphs indicated the trend of the patient/caregiver in a particular parameter. Parameters of the study included pain, symptoms, worry, share, life worth, peace, help advice, family information, family confidence and family worry. Time of posting the data was also included.
The physician received an SMS alert in case a patient/caregiver reported a state that was above the threshold value. For instance in the parameter of pain, value 0 indicated low pain whereas value 5 indicated high level of pain. When a value greater than 3 was submitted, an alert was sent to the physician who thereafter advised the patient/caregiver appropriately on the course of action to undertake. Figure 1 , Figure 2 and Figure 3 show screenshots of the application 
Results
Themes emerging from closing interviews were communication, symptoms management and advocacy. 5 out of 7 groups of participants were interviewed through mobile phone during the closing interview. In 1 out of 7, there was a face-to-face interview. During the study, 2 patients passed on.
The following emerging themes and excerpts of conversation were highlighted:
Enhanced communication
Communication is the aspect of exchanging information, messages, and ideas between people thereby enabling better understanding of issues at hand. In our study, enhanced communication between palliative care physicians and patients/caregivers was evident from the following excerpts; Caregiver C8 mentioned the application enabled him to communicate
better "This one is much better than the SMS method which i just tell the doctor that the patient is doing well. At least the doctor is able to know how my niece is doing in a better way".
C1 highlighted the mobile application was a good approach but since the patient had been admitted, he had not been able to continue using the application.
"The application in itself is good but my wife became very ill and has been admitted, at the moment, we don't know what is next (looking up), we pray all goes well".
Patient P7 highlighted the application was useful for communication and noted that with addition of a reminder on when to submit the data on a regular basis, the mobile application would be better.
"I kept forgetting to send the update on time, i only wish there was a reminder even in form of a message. I know it is a good way to communicate"
Commenting on the message notifications alert, one physician noted that the feature was helpful in knowing which particular dimension of care needed attention. At the closing interviews, patients and caregivers agreed the application had helped to improve communication between them and the physicians.
Advocacy tool
Advocacy is the act of supporting or making recommendation for a particular cause. In our study, pain management in cancer is the centre of advocacy. The mobile phone application played an important role as a mechanism to disseminate knowledge on management of aspects of total cancer pain as well as platform for learning. In an instance of caregiver C2, a relative who stayed with caregiver was interested in learning about the mobile phone application and was able to make a submission. "My relative who also assists in taking care of grandma also wanted to learn how to send these symptoms, so i taught him". Therefore with more training on utilization of the mobile application for symptoms, more awareness on cancer in society can be achieved. Caregiver C4 noted she had been greatly informed on how to take care of the patient through information provided in the mobile application. "I have been going through the resources provided and I have learnt a lot on managing pain"
Improved assessment of total cancer pain
Pain in cancer does not only involve physical pain but is also caused by social, psychological and spiritual distress. The different pains have to be accurately identified so that the relevant appropriate action is taken to assist the patient. It was noted by the physician that assessment of patient/caregivers had improved. In our study, graphs that cover all dimensions of palliative care were generated. Through the graphs, it was possible to follow patients and caregivers trend in care. This was able to inform decision making in provision of palliative care.
In addition, when a consistent high alert was generated on a parameter such as pain, the palliative care physician made adjustments on dosage of drugs that had been prescribed. Commenting on P2 the palliative care physician noted "The patient was not able to access the recommended drugs in the new medical facility they went to, as a result, the health deteriorated".
It is worth noting for P8 that the worry levels had decreased. The palliative care physician commented "Initially P8 had a lot of worry, after discussions, i learnt it was as a result of finances. However, the hospital has been able to help her and more assistance has been given by the nephew". The psychological aspect of pain was therefore addressed in time.
Business Benefits
Our mobile phone application improves clinical care through early notification of key patient symptoms and caregiver needs. As a result better patient/caregiver satisfaction is achieved. In addition, patient provider communication is enhanced.
Using the application also helps in saving time during clinical visits since symptoms are reported in advance before an encounter with a clinician. The clinician will therefore spend more time in addressing the pertinent symptoms raised by the patient.
Improvement in accuracy of symptoms assessment and timely response to needs and symptoms will also be achieved. This would help in reduction of healthcare costs since a deteriorating health condition will be addressed before it worsens. Patients/caregivers who stay in locations with poor transport infrastructure and healthcare facilities can be monitored remotely, thus saving on transport costs.
Researchers and health professionals will also have more elaborate evidence on outcomes of palliative care hence develop effective strategies to improve service delivery.
Conclusions
This study presented the implementation of a mobile phone based assessment tool in palliative care. Our key findings include: improved patient-provider communication, improved symptoms management and provision of an advocacy platform for cancer. This is consistent with findings from other studies on using mobile technology in palliative care for cancer patients [26] [30] . Aged patients expressed willingness to utilize the application despite limited interactions with technology. Feasibility results on usage of technology among elderly people indicate they were willing to use mobile phone applications to improve their health [32] . Caregivers and patients were trained on using the application and managed to work together with patients in submission of data. Our prototype presents a platform where both the caregivers' needs and the patients' needs are addressed.
There is a need to promote multidimensional and brief patient reported outcome measurements which comprise of physical and psychological domains [33] . Our study shows implementation of the mobile version of APCA African POS will add greatly to the benefits accrued in palliative care through use of patients outcome scale (POS). In addition, we suggest that the problem of marketing the POS will also be addressed [39] .
Challenges included a high rate of attrition in cancer patients attending a palliative care section. Many patients sought palliative care services at an advanced stage of their illness. In a new study, life expectancy of a patient could be considered as eligibility criteria. Another challenge was the fact that the study was conducted in one centre, therefore, generalizability of the study is not possible; to overcome this, the study can be conducted in several palliative care centres. Lastly, only Android mobile phones were supported by our mobile phone application. Developers in healthcare applications could consider implementation of this prototype on a feature phone.
Recommendations/Future directions of the Research
Our study was affected by time constraints; we recommend collection of data for three months followed by a clinical trial for a period of 6 months in a number of palliative care centres. The clinical trial can be done with two arms of study (control and intervention groups). We shall be able to realize how different parameters differ quantitatively after being subjected to the intervention tool. Having this in place, the application can be available in one year's time. We also recommend incorporation of an automatic feedback response, which could be tailored to a patient/caregiver's needs using an algorithm.
Bringing Technology to the African Market
We intend to achieve this by collaborating with Africa Palliative Care Association to assist in advocacy and deployment of the application within Africa. In, addition, we shall work with hospices, organisations public and private hospitals that deal with palliative care.
